Computational analyses, molecular dynamics, and mutagenesis studies of unprocessed form of [NiFe] hydrogenase reveal the role of disorder for efficient enzyme maturation.
Biological production and oxidation of hydrogen is mediated by hydrogenases, key enzymes for these energy-relevant reactions. Synthesis of [NiFe] hydrogenases involves a complex series of biochemical reactions to assemble protein subunits and metallic cofactors required for enzyme function. A final step in this biosynthetic pathway is the processing of a C-terminal tail (CTT) from its large subunit, thus allowing proper insertion of nickel in the unique NiFe(CN)2CO cofactor present in these enzymes. In silico modelling and Molecular Dynamics (MD) analyses of processed vs. unprocessed forms of Rhizobium leguminosarum bv. viciae (Rlv) hydrogenase large subunit HupL showed that its CTT (residues 582-596) is an intrinsically disordered region (IDR) that likely provides the required flexibility to the protein for the final steps of proteolytic maturation. Prediction of pKa values of ionizable side chains in both forms of the enzyme's large subunit also revealed that the presence of the CTT strongly modify the protonation state of some key residues around the active site. Furthermore, MD simulations and mutant analyses revealed that two glutamate residues (E27 in the N-terminal region and E589 inside the CTT) likely contribute to the process of nickel incorporation into the enzyme. Computational analysis also revealed structural details on the interaction of Rlv hydrogenase LSU with the endoprotease HupD responsible for the removal of CTT.